INTRODUCTION
Land degradation caused by human activities has significant adverse effects on the environments especially on the soils worldwide (Mandal and Sharda 2013, Lago-Vila et al. 2015, Adamcová et al. 2016) . Soil is a complex environmental medium with high heterogeneity where solid, liquid and gaseous components interact within a multitude of physical, chemical and biological interrelated processes. Soil provides ecosystem services such as food, water, timber, and fiber; regulating services that affect climate, floods, disease, waste and water quality (Zornoza et al. 2015) . The problem of soil contamination with heavy metals is of great significance considering the possibility of its direct or indirect impact on human health (Ali et al. 2013 Morcillo et al. 2016) . Especially severe problem is posed by soil contamination with heavy metals as a result of their migration or accumulation in individual components of the natural environment , Yang et al. 2016 , Yang et al. 2017 . Among these heavy metals, cadmium (Cd), lead (Pb) and zinc (Zn) contribute the major share of soil contamination because they are non-biodegradable and highly persistent in the soil environment (Adrees et al. 2015 , Ahmadi et al. 2014 , Cao et al. 2017 ). The main factors that regulate the appropriate binding of heavy metals in soil include environment pH, sorption capacity, moisture content, content of organic matter with various capability of heavy metal complexation, as well as contents of iron hydroxides, manganese, aluminum, and silty fractions (Annu et al. 2016) . Also the physicochemical properties of soil affect the uptake of elements by plants and their incorporation into the food chain (Guo et al. 2016 , Cao et al. 2017 . Pb content in soils is directly influenced by their granulometric and mineralogical composition as well as by the source of bedrock formation. Its presence in the topsoil results, primarily, from the effect of anthropogenic factors (Rosestolato et al. 2015 , Cao et al. 2017 . In most countries, Pb content in soils not exposed to the immediate effect of this metal is low. The average natural content of Pb in soils of Poland is at 18 mg·kg -1 (Kabata-Pendias and Szteke 2012). In turn, Cd is a natural element of geological formations and its content in magmatic rocks does not exceed 0.2 mg·kg -1 . In sedimentary rocks, especially these formed upon biological processes, Cd content may be several times higher. It refers also to organic and mineral rocks (Kabata-Pendias and Szteke 2012). The natural content of Cd in soils is determined by a few factors including: geological origin of bedrocks, soil age, and strength of weathering processes. It occurs mainly in the form of sulfides, at deposits of Zn and Cu. Cd concentrations in soils in many countries are increasing due to inadvertent additions in fertilizer, biosolids, and soil amendments, as well as additions from the atmosphere (Czarnecki and Düring 2015, Annu et al. 2016) . The mean concentration of Cd in soils of the globe usually does not exceed 0.5 mg·kg -1 , whereas in Polish soils it ranges from 0.20 to 0.31 mg·kg -1 soil. There are, however, some cases where it ranges from 0.01 to 24.75 mg·kg -1 (Terelak et al. 1995) . Zn is an essential micronutrient involved in photosynthesis; as such, there is a growing effort to obtain understanding of the Zn biogeochemical cycle at the Earth's surface (Opfergelt et al. 2017) . Zn is one of the most active heavy metals of soil because it is capable to form complexes with organic matter and occurs in exchangeable forms. The organic matter of soil forms strong bonds with Zn, which results in its accumulation in the top layers of mineral and organic soils (Opfergelt et al. 2017) . Its solubility decreases along with pH increase, regardless of the form it occurs in the soil. In the case of formation of complex anions as well as organic and mineral complexes, Zn is capable of retaining high mobility in soils with alkaline pH. In Poland, the average concentration of Zn in non-contaminated soils reaches 40 mg·kg -1 , but in industrial areas it may exceed even several thousand mg·kg -1 (Kabata-Pendia and Szteke 2012).
The aim of this study was to determine the effect of soil contamination with Pb, Cd, and Zn as well as to evaluate the effect of zeolite, diatomite, chalcedonite, dolomite, limestone, and activated carbon on selected physicochemical properties of soil. To achieve study goal, soil samples collected after termination of the experiment were subjected to the following laboratory analyses: pH value (pH), hydrolytic acidity, total exchangeable base cations, total sorption capacity of the soil, and saturation of the sorption complex with base cations.
MATERIALS AND METHODS
The experiment was conducted in a vegetation hall under conditions of a pot experiment in polyethylene (PE) pots with the volume of 5.0 kg. Soil used in the experiment was collected from the topsoil of arable lands and had the following properties: pH -4.92; hydrolytic acidity (mmol·kg 2 . Sorption materials including: zeolite, diatomite, chalcedonite, dolo-mite, limestone, and activated carbon, were applied additionally in the amount of 3% of soil mass. Table 1 provides oxide composition and specific surface of the immobilizing agents. Also, a control series was conducted, which was free from heavy metals and immobilizing agents. Aqueous solutions of macro-and microelements were poured into each pot to ensure the appropriate growth of plants. The plant grown in the study was perennial ryegrass (Lolium perenne L.) of Bokser cultivar (Fig. 1) . Before the experiment was established and after its termination, soil samples were collected from each pot, next dried at room temperature, disintegrated, and sieved through a sieve with a mesh diameter of 1 mm. Thus prepared soil was determined for its selected properties: soil pH (pH) -potentiometrically in an aqueous solution of potassium chloride (KCl) with the concentration of 1 mol·dm -3 (Lityński et al. 1976 ); hydrolytic acidity (Hh) -with Kappen's method (Lityński et al. 1976) ; total exchangeable base cations (S) -with Kappen's method (Lityński et al. 1976) ; total sorption capacity of soil (T) acc. to the following formula: T = Hh+S (Lityński et al. 1976) ; and saturation of the sorption complex with base cations (V) acc. to the following formula: V = S -1 ·100 (Lityński et al. 1976) .
Statistical analysis of study results was conducted using Statistica 12 software package.
RESULTS AND DISCUSSION
In spite of heavy metals' natural occurrence in nature, these elements can act as pollutants, contaminating ecosystems, and can also exhibit toxicity towards living organisms (Hu et al. 2017 ). Many forms of heavy metals in the environment are generally stable; they do not degrade over time. So, they accumulate in the environment reaching dangerous concentrations (Vareda and Durães 2017). However, both anthropogenic and natural factors determine contents of heavy metals in soils, including contents of Cd, Zn, and Pb, as well as modify its physicochemical properties (Mazur et al. 2015 , Adamcová et al. 2016 , Mazur and Mazur 2016 . These properties are affected by the extent of soil contamination with heavy metals and by the type of immobilizing agents added to the soil (Gul et al. 2015) . In the presented study, the pH value, electrical conductivity, hydrolytic acidity, and sorption properties of the soil the test plant was cultivated in were influenced by both: doses of heavy metals used to contaminate the soil and immobilizing agents applied, i.e. zeolite, diatomite, chalcedonite, dolomite, limestone, and activated carbon (Table 2-3). Being one of the factors that affect the form the trace elements occur in the soil environment, the pH value determines their availability to plants (Boente et al. 2017) . A negative correlation (r=-0.751) was observed in our study for the soil sampled from control pots between its pH value and increasing contamination with Pb, Cd, and Zn. Activated carbon caused the highest increase in soil pH which attained values ranging from 7.01 to 7.39. A similar, though lesser, effect on contaminated soil pH increase was induced by the addition of diatomite, dolomite, and limestone.
The effect of high contents of metals: Pb, Cd, Zn and Cu in soil on soil pH decrease was demonstrated by Friedlova (2010). Soil pH decrease may affect increased uptake of heavy metals from soil by plants (Fitamo et al. 2011 , Chibuike and Obiora 2014). In all experimental pots, we observed an increase in the electrical conductivity of soil along with its increasing contamination with heavy metals. Compared to the control, the changes in conductivity varied and were due to the elution of ions from the immobilizing agents and to the sorption of metal ions by these agents from the introduced contaminating solutions (Zhao et al. 2011 , Mishra 2014 .
The elution of chemical substances, like e.g. nutrients, from soil is affected and regulated by such factors as the content of base cations and sorption properties of soil (Hartmann et al. 1998 ). The value of hydrolytic acidity may be one of the indicators of soil acidification. In the presented study, it was significantly influenced by the extent of soil contamination with heavy metals (Table 3 ). The hydrolytic acidity of soil after the harvest of the test plant, in the series without additives, was affected by the dose of Cd, Zn, and Pb. In this series, scheme II of contamination, i.e. 400 mg Pb and Zn·kg -1 and 10 mg Cd·kg -1 soil, caused a 25% increase in the value of hydrolytic acidity. The introduction of immobilizing agents in the form of zeolite, diatomite, chalcedonite, dolomite, limestone, and activated carbon, also changed its value (Table 2) . Activated carbon and limestone were the most effective in decreasing the hydrolytic acidity of soil compared to objects without the addition of immobilizing agents to soil. Kátai et al. (2008) demonstrated that the hydrolytic acidity of soil depended on zeolite and bentonite contents in this soil. Results obtained in our study are partly in agreement with findings reported by Wyszkowski and Modrzewska (2016) who showed that a high Zn concentration in soil reduced its acidity, its saturation with base cations and its total exchangeable capacity, but increased its hydrolytic acidity.
The applied doses of Pb, Cd, and Zn evoked significant changes in the content of total exchangeable base cations in the soil after test plant harvest ( Table 3 ). In the series without immobilizing agents, trace elements introduced into the soil caused a successive decrease in the content of these cations along with their increasing doses. In the series with the addition of immobilizing agents, contents of the total exchangeable base cations in the soil after test plant harvest were diversified (Table 3) . Zeolite, diatomite, chalcedonite, and limestone, had a small but negative effect on their value, with especially negative effect observed upon zeolite addition. Compared to the control series (without additives), this soil property was positively affected by the addition of dolomite and activated carbon
The total exchangeable capacity of the soil the test plant was grown in was significantly influenced by the dose of heavy metals used to contaminate it (Table 3 ). In the series without immobilizing agents, a negative correlation was demonstrated between the increasing contamination of soil with trivalent chromium (r=-0.931) and the total exchangeable capacity of soil after the harvest. The application of immobilizing agents in the cultivation of the test plant caused changes in the total exchangeable capacity of soil, however, its value was positively affected by the addition of activated carbon and dolomite. The other agents applied into soil contaminated with heavy metals had negative effects on the mean value of soil total exchangeable capacity. In an experiment conducted by Wyszkowski and Radziemska (2009) , additives including compost, zeolite and CaO introduced into soil contaminated with Cr compounds evoked a positive effect by increasing soil pH, soil saturation with base cation, mean value of soil exchangeable capacity, and by decreasing its hydrolytic acidity. In turn, Wyszkowski and Modrzewska (2016) demonstrated that the total exchangeable base cations, total exchangeable capacity, and saturation of the soil with base cations were the most beneficially affected by the addition of bentonite. Successively, the application of zeolite and compost had a little effect on hydrolytic acidity and sorption properties of soil contaminated with Zn.
In the presented experiment, soil saturation with base cations was significantly influenced by the dose of Pb, Cd, and Zn (Table 3 ). In the series without immobilizing agents, after the harvest, increasing doses of contaminating metals decreased soil saturation with base cations by 6% compared to the control pot. All neutralizing additives, except for dolomite and activated carbon, diminished soil saturation with base cations. -0.901** -0.997** -0.954** -0.981** 0.898** -0.956** 0.952** -0.421 LSD for: metal dose -1.32**; immobilizing agents -1.27**; interaction -3.21** ** -significant at p≤0.01; * -significant at p≤0.05; r -correlation coefficient CONCLUSIONS 1. In the soil without the immobilizing agents, the highest doses of metals caused a decrease in pH value, total sorption capacity, total exchangeable base cations and saturation of the sorption complex with base cations as well as an increase in hydrolytic acidity and electrical conductivity of the soil. 2. Among the agents applied, dolomite and activated carbon exerted a positive effect on the analyzed properties of soil, as they contributed to an increase in pH value, total exchangeable bases, and total sorption capacity, and to a decrease in hydrolytic acidity of the soil. 3. The addition of zeolite caused soil electrical conductivity to decrease compared to the control pot, at all levels of soil contamination with Pb, Cd, and Zn.
